Abstract
INTRODUCTION
Hepatocellular cancer (HCC) is the fifth most common cancer in males and the ninth in females worldwide and is the second most deadly cancer. In 2012, there were 782000 HCC cases and 745000 deaths. HCC is more prominent in less-developed countries and more than 50% of cases were diagnosed in Asia [1] . In the United States, there were 35000 new cases of liver and intrahepatic bile duct cancer in 2015 and HCC is one of the few cancers that is increasing in both incidence and mortality [2] . The best treatments for early stage HCC include liver resection for those with adequate liver function and liver transplant for those with decompensated cirrhosis or tumor that is not amenable to resection. Multiple single center studies have demonstrated success with liver resection and transplant, but patient populations largely differ in underlying risk factors (viral hepatitis, diabetes, obesity, alcohol and smoking) and may differ by technique of resection, indications for resection, patient management, use of adjuvant therapy, and follow-up [3] [4] [5] [6] [7] [8] . The use of liver resection may also vary depending on the availability of liver transplantation. Countries with relatively limited donor liver availability or new transplant programs may depend more on resection for curative therapy. Because of limited donor livers, some countries, such as Japan, have made great efforts at developing successful surveillance and diagnosis programs that detect more than 60% of HCC at a very early stage [9] . Early detection allows more patients to undergo resection or liver-directed therapy such as local ablation with curative intent.
Because of potential differences in surveillance, tumor size, and available therapies, it is difficult to directly compare a particular therapy for HCC in different countries. The aim of the present study is to compare patient and clinical characteristics and survival of early (stage Ⅰ, Ⅱ) HCC patients treated by resection in three different countries. These centers include large tertiary referral centers for HCC in Shanghai (China), Nippon (Japan) and Hawaii, the United States with the highest incidence of HCC.
MATERIALS AND METHODS
This is a retrospective analysis of 573 liver resections performed in 3 tertiary referral centers for liver disease performed in 3 different countries.
Honolulu cohort (United States)
The Honolulu cohort consisted of 936 HCC cases referred between1993 and 2014 to the only liver transplant program in Hawaii and the only referral center for liver disease/surgery for the American territories of the Pacific Basin (including Samoa, Guam, Saipan, and the Marshall Islands). Patients were primarily United States citizen of diverse racial/ethnic backgrounds including Whites, Asians, and Pacific Islanders but also included foreign nationals from Asian countries who sought medical care in the United States Race/ethnicity and birthplace were assessed as risk factors for HCC were previously shown to vary by these demographic characteristics in this study population [10] . This clinic and the transplant center were initially affiliated with Hawaii Medical CenterEast (formerly St. Francis Medical Center) and after 2012, the Queens Medical Center. This center sees about 60%-70% of the HCC cases in Hawaii. Liver resections were performed by a single group of hepatobiliary/ transplant surgeons, with about 80% of these cases done by a single surgeon (LW).
HCC was confirmed histologically by percutaneous biopsy or at surgery. In the first decade, HCC consistent with the previous United Network for Organ Sharing policy regarded transplant for HCC patients without biopsy. More recently, the diagnosis of HCC was made with only imaging if a dynamic contrast-enhanced study showed typical arterial enhancement with venous "washout" as described by the American Association for the Study of Liver Disease guidelines [11, 12] . Data collected included demographic data (age, sex, birthplace, self-reported ethnicity) and the presence of diabetes mellitus, hyperlipidemia, smoking, viral hepatitis, alcohol abuse, obesity and other chronic liver diseases. Laboratory data collected included bilirubin, albumin, prothrombin time, creatinine, alanine aminotransferase, aspartate aminotranferase, platelet count, Model for Endstage Liver Disease score and alpha fetal protein (AFP). The size, number, and location of the tumor(s) were used to determine the Tumor Node Metastases stage according to the American Joint Commission on Cancer (AJCC) staging manual [13] . After excluding patients who presented with ruptured HCC and underwent embolization prior to resection, 146 HCC cases were included in the study. During this time period, 84 patients underwent liver transplant for HCC. This study was approved by the University of Hawaii Institutional Review Board.
Shanghai cohort (China)
The Shanghai cohort was comprised of 241 HCC cases diagnosed between 2002-2003 and followed for up to 70 mo. Patients were diagnosed and treated at Zhongshan Hospital (Fudan University) in Shanghai, China. Zhongshan Hospital is a major teaching hospital affiliated with the Ministry of Health of China. This is a 1700 bed medical facility that serves approximately 80000 inpatients and 3 million outpatients/emergency visits annually.
All patients were of Chinese ethnicity and were initially seen by medical organizations in the surrounding areas but the final diagnosis was made in this facility. Patients were diagnosed based on imaging criteria, as well as with a history of chronic viral hepatitis and elevated AFP. Three surgeons including Dr. Zhao-You Tang (author) performed all of the liver resections in this cohort. The diagnosis of HCC was confirmed by two independent pathologists.
The patient enrollment criteria included those with detailed information on clinical presentation and pathological characteristics; and detailed follow-up data for at least 3 years, which included recurrence-free survival, overall survival, as well as the cause of death. The detailed clinical presentation characteristics included but were not limited to sex, age, OKUDA staging, CLIP staging, BCLC staging, Child-Pugh score, TNM staging, multiple nodules, satellite nodule, tumor size, tumor capsule, cirrhosis, tumor thrombosis, lymph node, alanine transaminase, Albumin, international normalized ratio, hepatitis B surface (HBV) Ag, hepatitis C antibody, HBV viral status, pre-treatment AFP, preoperative therapy, and postoperative other therapies. A majority of patients were long-term carriers of HBV (94%). The updated TNM classification was used in this cohort, and 177 early stage HCC patients (TNM stage Ⅰ and Ⅱ) with survival information were therefore chosen to perform comparison analysis in our study. Data for this cohort are publically available and have been used in many HCC translational research studies [14, 15] .
Tokyo cohort (Japan)
The Tokyo cohort consisted of 504 HCC cases diagnosed between1986 and 2014 in the Department of Surgery at Nippon Medical School, which has a primary medical center (1000 beds) and 3 smaller branch hospitals. Decisions on therapy were made by hepatologists and surgeons and all liver resections were performed at the primary medical center by members of a dedicated liver surgery team (10 hepatobiliary surgeons, surgical residents and medical students). Living-donor liver transplantation is done in this medical center, but only 15 cases have been done and no deceased-donor liver transplants were performed during this time period.
Although the treatment strategy has been changing in Japan, decisions on therapy were based on an algorithm for treatment of HCC reported by Makuuchi et al [16, 17] . This algorithm was based on three factors: Degree of liver damage (Childs A, B or C), number of tumors (single, 2-3 or 4 or more), and tumor diameter (≤ 3 cm or > 3 cm). Indications for surgery were according to modifiedMakuuchi criteria incorporating the indocyanine green test [18] . The final diagnosis of HCC was histologically confirmed at surgery by a group of expert pathologists. Use of transplantation for HCC was extremely limited because of scarcity of organs from deceased donors. Hepatectomy is generally the first choice for Child-Pugh class A and selected class B cirrhotic patients.
In this cohort of 504 patients with HCC, the vast majority of patients were Japanese. The pre-operative diagnosis of HCC was made primarily with imaging and confirmed at resection. Liver biopsy prior to surgery was rarely performed. Data collected in this cohort included: Age, gender, HBV, hepatitis C virus (HCV), presence of coma, ascites, bilirubin, albumin, protime, AFP, Childs-Pugh class, presence of cirrhosis, stage, tumor size, recurrence and survival. Additional data that were collected but not used in this analysis included ICG (indocyanine green), AFP-LC, PIVKA, tumor differentiation, vascular invasion and details on the segments of liver that were removed. Of the 504 HCC patients in this cohort, 250 diagnosed at TNM stage Ⅰ and Ⅱ were included in the present analysis.
Statistical analysis
All analyses were conducted with SAS version 9.3 (SAS Institute, Inc., Cary NC). All P-values were two-sided, and P < 0.05 was defined as significant. Characteristics of Honolulu, Tokyo and Shanghai HCC patients were compared using generalized linear models (continuous variables) and χ in HCC mortality among patients treated in Honolulu, Tokyo and Shanghai were examined using Kaplan-Meier estimates and Cox proportional hazards regression. Survival period was computed from the date of HCC diagnosis to the date of death from any cause. Patients alive at the end of the follow-up period were considered censored. The proportional hazard assumption for Cox models was checked by plotting scaled Schoenfeld residuals against time to event [19] . There was evidence of non-proportionality of hazards with respect to time. For this reason and due to the uneven follow-up period between the three centers, survival was partitioned into two time periods: Survival at 1 year after diagnosis and at 5 years following diagnosis were modeled separately. Analyses were adjusted for patients' age at time of diagnosis. Predictors of overall survival were also evaluated in 1-year and 5-year models. Univariate analyses were used to model age (< 50 year; ≥ 50 year), sex (male; female); stage (Ⅰ; Ⅱ); Child-Pugh Score (A; B); tumor size (< 5 cm; ≥ 5 cm) presence/ absence of cirrhosis; AFP (< 20 ng/mL; ≥ 20 ng/mL); albumin levels (< 3.5 g/dL; ≥ 3.5 g/dL), HBV (positive; negative); and HCV (positive; negative). The three center locations were modeled as indicator variables with Honolulu as the reference. Along with age, factors found to be significant at the P ≤ 0.10 level in univariate analyses were included in the full multivariate models. A statistical review of the study was performed by a biomedical statistician.
RESULTS
A total of 573 HCC patients diagnosed at AJCC stage Ⅰ or Ⅱ who underwent resection were included in the present analyses. Patients included 146 from Honolulu, 250 from Tokyo, and 177 from Shanghai. Patient and clinical characteristics varied widely across countries (Table 1) . Patients were youngest in Shanghai and oldest in Tokyo (P < 0.0001). Males comprised 82% of Shanghai patients, 72% of Tokyo cases, and 69% of Honolulu cases (P = 0.01). HBV seropositivity was highest among Shanghai HCC cases (94%), followed by Honolulu (43%) and Tokyo (14%) cases (P < 0.0001). Conversely, HCV seropositivity was highest among Tokyo cases (67%), followed by Honolulu (27%) and Shanghai (3%) patients (P < 0.0001). Stage Ⅰ cases were predominant in Honolulu (89%), compared to Shanghai (51%) and Tokyo (27%) cases (P < 0.0001). Cirrhosis was present in most Shanghai cases (93%), compared to 57% of Tokyo and 41% of Honolulu cases (P < 0.0001). Mean tumor size was largest in Honolulu cases (6.4 cm), compared to Shanghai and Tokyo cases (3.9 cm and 3.0 cm, respectively) (P < 0.0001). Elevated AFP levels were present in 60% of Shanghai patients, 51% of Honolulu cases, and 42% of Tokyo patients (P = 0.001). Abnormal albumin levels (< 3.5 g/dL) were present in 34% of Tokyo patients compared to 16% and 12% in the Honolulu and Shanghai cohorts, respectively (P < 0.0001).
Overall, 1-year and 5-year mortality varied across the three centers (Figure 1 ). Thirty-day mortality was 2.8%, 1.6% and 0% for Honolulu, Tokyo and Shanghai groups, respectively. Mortality was compared across the three centers with Honolulu as the reference (Table 2 ). (Estimates adjusted for age at diagnosis only and additionally adjusted for the year of surgery were comparable. Therefore, estimates adjusted for age at diagnosis only are reported). During the 1-year survival and 5-year periods, Tokyo patients had lower mortality than those in Honolulu (age-adjusted HR = 0.28; 95%CI: 0.15-0.51 and age-adjusted HR = 0.70; 95%CI: 0.50-0.98, respectively). One-year and 5-year survival did not differ between the Shanghai and Honolulu cohorts.
Predictors of overall 1-year and 5-year survival were examined (Table 3) Hepatitis B surface (n = 6); hepatitis C virus (n = 32); Child-Pugh (n = 2); cirrhosis (n = 17); albumin n = 17). AFP: Alpha fetal protein.
(adjusted HR = 2.00; 95%CI: 1.17-3.43) and albumin < 3. 
DISCUSSION
Therapy for hepatocellular cancer has evolved and there are current practice guidelines based on Barcelona Clinic Liver Cancer (BCLC) staging [11, 12] . These guidelines provide a general framework, but what occurs in the real world is likely center and country specific. In developed countries with resources to perform liver transplant, multiple studies have compared outcome between resection and transplant and those treated with transplant have better survival and less recurrence [7, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Nonetheless, widespread use of transplant is constrained by the availability of donor livers. Other reports compared liver resection and local ablation. Although ablation was effective especially for tumors less than 2.0 cm and can be performed with fewer complications, liver resections had better long-term, recurrence free-survival in some series [3, [31] [32] [33] [34] . Good short-term outcomes occur in small tumors, whether resected, ablated or transplanted, but recurrence rates, cost and donor livers are major factors in the decision-making. Worldwide, strategies to treat liver cancer have evolved based on the burden of liver cancer and the available resources in that particular area. This is the first study that attempts to assess one surgical modality in 3 different countries, each of which has a high burden of disease, but different resources and treatment strategies. We chose liver resection because this was uniformly available and not dependent on technology or donor livers. Rather than comparing data in the form of a meta-analysis or systematic review, we developed a working relationship between the surgeons and scientists in these three centers. In this study, we selected only stage Ⅰ/Ⅱ HCC who underwent liver resection, in an attempt to make a comparison in as homogeneous a group as possible. We showed that although the survival outcomes are different in various centers, overall survival is mostly dependent on tumor factors and underlying liver function. Although the patients in each center differ in many respects (mean age, gender, viral risk factor, tumor size, mean tumor size and AFP), all centers had excellent 30-d mortality. Our study showed that tumor size, AFP, and albumin were factors associated with early mortality. By 5 years postresection, these same factors in addition to the presence of cirrhosis were predictors of mortality. Both the Tokyo and Shanghai cohorts had better 1-and 5-year survival compared to the Honolulu cohort even after adjustment for clinical factors. Differences in patient populations across the centers may account for these differences. Compared to the generally homogeneous Tokyo and Shanghai patients, the Honolulu cohort was comprised of racially and ethnic diverse individuals born within and outside the United States. Many Honolulu patients had comorbidities including those that may contribute to disease progression (obesity, type-2 diabetes, excess alcohol consumption and past intravenous drug use) [10] . We were unable to account for these differences in comorbidities and risk factors as this information was not available for the Tokyo and Shanghai cohorts. Differences in the patient populations are further supported by our observation that independent risk factors of survival differed across centers. In Honolulu, elevated AFP and albumin were associated with both 1-year and 5-year survival. In the Tokyo cohort, cirrhosis large and tumor size were associated with 1-year survival. For the Shanghai cohort, tumor size was a predictor of 1-year survival while AJCC stage and Child-Pugh Score were associated with 5-year mortality risk.
Single-center studies have similarly demonstrated that tumor characteristics (size, vascular invasion) and underlying liver function are predictors of survival [3, 5, 21, 35, 36] . Kao et al [3] examining 1265 liver resections for early stage HCC, showed that low albumin, AFP > 20 ng/mL, and tumor size > 3 cm affected mortality. Kang et al [34] studying 353 South Korean patients, found that vascular invasion and thrombocytopenia were risk factors for poor disease-free survival. Many of these studies were large series of liver resections in centers outside the United States. Large United States studies of liver resection for HCC have been primarily based on cancer databases with limited information on underlying liver function [30, 33, 37] , or were conducted in single centers that focused on the comparison between liver transplant and resection [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . A few studies have also compared the outcome of liver resections in patients with HBV vs HCV. Chen et al [38] studying 2920 patients in Taiwan, showed that patients with HBV were younger, had higher AFP and larger tumor size and lower mean survival (11.1 mo vs 23.9 mo with HCV). Dohmen et al [39] demonstrated that among 692 patients in Japan, HBV patients were younger, presented with more advanced stage and had poorer overall survival. Wu et al [40] reported that among 110 Taiwanese patients who underwent hepatic resection for HCC, neither underlying cirrhosis nor viral status affected operative morbidity or mortality, but the poorer liver reserve in HCV cirrhotic patients resulted in worse survival compared to the HBV patients. Franssen et al [37] reported that among 567 United States patients who underwent liver resection, HBV rather than HCVrelated HCC had better survival and less recurrence. Our study allowed comparison of a primarily HBV-related HCC group of patients (China), a primarily HCV-related HCC group (Japan) and a mixed group (Hawaii), and when considered together viral hepatitis status had little bearing on overall 1-and 5-year survival as the cirrhosis, tumor size, AFP and underlying liver function had the greatest effect on outcome. This study is limited in that the time frame was different in the three groups. In the Tokyo and Honolulu cohorts, this study represented a 20+ year experience, whereas the Shanghai cohort underwent liver resection over a 2-year period. Because this study was done retrospectively, each group collected different parameters, so there was limited data collected by all groups that could be directly compared. There are also likely differences in the quality of long-term follow up between the centers. This study also has variable data on recurrence of HCC and treatment of these recurrences, which may affect long-term survival. Survival was also expressed as allcause survival so it is difficult to determine the contribution of HCC to overall patient outcome. Finally, differences in survival after liver resection may be due to availability of liver transplant and other locoregional therapies in a particular country. The increased availability of liver transplant in the Honolulu group may have prompted fewer resections in those with smaller tumors, leaving liver resections for larger tumors with reasonable liver function. Unfortunately, we would not be able to determine this without information on all HCC referred to each of these centers.
In spite of these differences and limitations, this study represents a large experience of liver resections by expert hepatobiliary surgeons in their respective countries. In the final analysis, the very early outcome after liver resection for HCC is similar in specialized centers in different countries but later survival is better in the Tokyo and Shanghai groups. Tumor factors, underlying liver function, comorbidities and availability of other therapies may be playing a role patient selection for resection and the ultimate outcome. Nevertheless, this study demonstrates that collaborations at an international level will be important for understanding how to better manage and treat HCC.
COMMENTS

Background
Treatment for hepatocellular cancer depends on stage and liver function. How liver cancer is treated in different country may also depend on available therapy. Liver transplant has the best long-term disease free survival for early liver cancer, however the availability of liver transplant differs in various countries and may limit this therapy.
Research frontiers
Single-institution studies have characterized resection for hepatocellular but this unique study combines the experience of three large hepatobiliary centers in different countries with 573 resections for stage Ⅰ/Ⅱ hepatocellular cancer in Tokyo (n = 250), Honolulu (n = 146) and Shanghai (n = 177).
Innovations and breakthroughs
Groups differed in viral hepatitis, tumor size, alpha fetal protein (AFP) and cirrhosis. One and 5-year mortality was lowest in the Tokyo cohort. Elevated AFP, low albumin, tumor > 5 cm and cirrhosis were independently-associated with increased 5-year mortality. The profile of early-stage hepatocellular patients is strikingly different across countries and likely contributes to survival differences.
Applications
This study is important as it demonstrates the importance of collaboration between centers in different countries so that we can better diagnose and manage hepatocellular cancer.
Terminology
Liver resection is a surgical procedure involving removal of a portion of liver that has a malignant cancer. Liver transplantation is performed for those patients with hepatocellular cancer and poor underlying liver function.
